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Abstract
Solvent collisions can often mask initial disposition of energy to the products of solution phase chemical reactions. Here transient infrared absorption spectra, obtained with picosecond time resolution, demonstrate that the nascent HCN products of reaction of CN radicals with cyclohexane in chlorinated organic solvents exhibit preferential excitation of one quantum of the C-H stretching mode and up to two quanta of the bending mode. On timescales of ~100 to 300 picoseconds, the HCN products undergo relaxation to the vibrational ground state by coupling to the solvent bath. Comparison with reactions of CN radicals with alkanes in the gas phase, known to produce HCN with greater C-H stretch and bending mode excitation (up to two and ~six quanta respectively), indicates partial damping of the nascent product vibrational motion by the solvent. The transient infrared spectra therefore probe solvent-induced modifications to the reaction free energy surface and chemical dynamics.
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In a chemical reaction, the partitioning of energy between translational, rotational, vibrational and electronic degrees of freedom of the products depends upon, and therefore provides information about, the potential energy landscape over which bonding changes occur (1) .
Early insights came from Polanyi (2) , who demonstrated the importance of the location of an energy barrier along a reaction pathway in determining the fraction of the available energy that is released as product vibrational excitation. An expanding array of experimental techniques, complemented by theory, is enabling study of the dynamics of reactions in everincreasing detail under low-pressure, gas-phase conditions in which the molecules are largely isolated from collisions and from the perturbations of a surrounding medium such as a solvent (1, (3) (4) (5) .
Much synthetic, environmental and biological chemistry occurs in solution, however, and the solvent will have a pronounced effect on the dynamics of chemical reactions (6) (7) (8) . The very short time intervals between collisions in the liquid phase, and the hindered motions of molecules surrounded by a solvent cage, prevent application of many of the velocity and quantum-state specific experimental methods developed to examine gas-phase collisions (9) . Spectroscopic methods employing ultrafast lasers can be used to measure the timescales for reactions in solution (10-13), study solvent-solute complexes (14, 15) , and examine molecular vibrational excitation, which can persist in solution for tens or hundreds of picoseconds (16) .
For a solution-phase bimolecular reaction, observation of vibrational quantum state specific energy disposal might provide comparable mechanistic insight to the infra-red (IR) chemiluminescence (1, 2) and more recent velocity map imaging (3) studies of gas-phase reactions, and therefore unravel the influence of the solvent on the dynamics. This prospect was recognized by Hochstrasser and co-workers (10, 11) , who employed transient IR absorption to examine the products of reactions of Cl atoms or CN radicals with organic 3 solvents. These pioneering experiments provided evidence that ~20% of the DCN products of the CN reaction with CDCl 3 solvent are formed with one quantum of vibrational excitation in the C-D stretching mode.
Here, experimental outcomes are presented for a solution-phase bimolecular reaction, which demonstrate a much greater degree of product vibrational excitation than was reported in prior studies of related reactions (10, 14, 15) . As a consequence, vibrational mode specific dynamics can be explored, and are shown to be affected, but not quenched, by the presence of a solvent. The reaction of CN radicals with cyclohexane (eq. 1), CN + c-C 6 H 12 → HCN + c-C 6 H 11 (1) and its deuterated counterpart are sufficiently exothermic that several vibrationally excited Blue is HCN(0n1) (n=1,2); red is HCN(001); purple is HCN(0n0) and black is HCN(000).
Solid lines show fits to the kinetic model summarized in the lower panel, which also displays values of the rate coefficients obtained for each step. Error bars on individual data points are ±2 SD from the least-squares fitting to band intensities; uncertainties in rate coefficients are 1 SD from fits to 4 data sets. 
